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Buoyant forecasts of market growth in excess of 10% for most applications reflected the positive mood of 
delegates at the Gorham/lntertech ‘Compound Semiconductor Outlook ‘99’ conference. To fully exploit 
these opportunities, however, the industry was told it will need to consider its business structure and beware 
1 of growing competitors, such as SiCe. 
T he total compound semicon- ductor industry will be ap- proaching the US$ 10 billion 
mark by 2002, according to market 
analyst Dataquest. Keynote speaker 
Stan Bruederle, a wireless commu- 
nications specialist at the San Jose- 
based firm, estimates the industry 
will grow from 1997 revenues of 
$5.7 billion to 2002 sales of $9.5 
billion (Figure 1). Optolectronics 
will continue to the industry’s 
dominant earners, with the sector 
increasing its sales from $4.2 bil- 
lion (73% of the market) to $7 bil- 
lion) (75% during the period). 
Dataquest, however, expects 
the growth of analogue and digital 
applications to slow in the face of 
competition from Si-based prod- 
ucts, most notably SiGe, particular- 
ly in applications up to 3 GHz. 
During the five-year review period, 
Bruederle tips analogue revenues 
to grow from $1 billion to $1.7 bil- 
lion, maintaining a compound 
semiconductor market share of 
18%, while digital revenues are ex- 
pected to climb from $500 million 
to $665 million. 
While strong growth in cellular 
phone sales will boost GaAs, 
Bruederle says these sales gains 
will be tempered by reductions in 
the number of semiconductor de- 
vices used in each unit. He says a 
typical GSM phone of today, such 
as the Nokia 6110, has 36 semicon- 
ductors, but this is expected to be 
reduced to 14 such devices, includ- 
ing five 5 ICs, by 2002.The RF sec- 
tion is tipped to be made up of 
two ICs, a GaAs power amplifier 
and a Si-based transceiver system. 
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By 2002 Dataquest forecasts annu- 
al production of 317.5 million cel- 
lular/PCS phones, consuming more 
than $3.6 billion of RF semicon- 
ductors including about $800 mil- 
lion of GaAs products. 
Based on this market evolution, 
Bruederle says more companies 
needed to stop thinking about Si as 
the competition, but rather as an- 
other technology option. “I believe 
that companies making analogue 
and digital GaAs products can ben- 
efit by recognizing that Si may 
have a place in their technology 
portfolio,” he says. “With the avail- 
ability of Si contract manufacturing 
services companies can realize 
higher growth and more effective- 
ly use their scarce design resources 
by applying them to the best tech- 
nology for particular jobs. The fu- 
Figure 1. The compound semiconductor industry is tipped to enjoy Figure 2. The 1998 addressable GaAs analogue market was worth 
revenues of $9.5 billion in 2002 (Source: Dataquest). $1.2 billion. (Source: Raytheon Microelectronics). 
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ture is bright for the industry, but 
the lines will keep moving as to 
where the applications are and 
companies wilI have to keep mov- 
ing with the front edge of the 
wave .” 
Wall Street success 
With compound semiconductor 
companies increasingly turning to 
financial markets to provide the 
means for further expansion, the 
industry’s reputation within this 
sector is gaining in importance. 
Hans Mosesmann, vice president 
and senior semiconductor devices 
analyst at Prudential Securities 
(Palo Alto, CA, USA) brought the 
welcome news that it has a good 
reputation. The bad news, howev- 
er, is that only a relatively small 
proportion of investors are aware 
of, or properly understand, the in- 
dustry! 
At the time of the conference, 
Mosesmann says Prudential had 
only five ‘strong buys’ in the entire 
universe of semiconductor compa- 
nies that it covered, three of which 
were in the compound sector - 
Vitesse, American Xtal and Cree 
Research. He says the company al- 
ready devotes about 30% of its semi- 
conductor coverage to non-Si firms 
and plans to increase the figure. 
Convincing institutional in- 
vestors of the merits of investing in 
the industry, however, remains a 
challenge. Mosesmann says in addi- 
tion to the lack of basic aware- 
ness, the small capitalization of 
III-Vs fums often make them too 
niche to interest many investors. 
Other difficulties include the in- 
dustry’s ‘lumpy’ history, the difficul- 
ty in explaining that the markets 
for GaAs extend past wireless com- 
munications, and the success IBM 
has had in promoting SiGe. “It 
takes some time to convey the 
range of opportunities in wireless 
and opto,” he says. “Many investors 
think that Intel, or a similar big 
player, will jump in and dominate 
the sector just as they have done in 
other markets.” 
Restructuring 
required 
In addition to attracting invest- 
ment capital, several speakers be- 
lieve reorganization and 
restructuring will be required for 
the compound semiconductor in- 
dustry to derive maximum benefit 
from the expected growth of the 
coming years. 
Commenting on the GaAs an- 
laogue market, James DiLorenzo, 
general manager at Raytheon 
Microelectronics (Andover, MA) 
says significant consolidation will 
be necessary to ensure the indus- 
try meets customer requirements 
and expectations over the next five 
years. DiLorenzo says in 1998 the 
analog GaAs market was highly 
segmented with more than 15 
companies sharing a $1.2 billion 
market (Figure 2). While he tips 
this market to grow at 17% per 
year to reach $2.4 billion by 2003, 
DiLorenzo feels for the market to 
remain sustainable the leading 3-4 
companies in the sector will be ac- 
counting for approximately 75% of 
sales by this date. 
DiLorenzo identifies achieving 
lower costs, higher quality and 
greater customer service as the 
critical triumvirate for those com- 
panies intent on becoming a ‘new 
millennium GaAs business’. Increas- 
ing volumes and larger wafer sizes 
are essential, he says, with a Ginch 
production line crucial to achiev- 
ing lower costs, rapid cycle time 
and to have sufficient capacity to 
meet demand ‘surges’ - Raytheon 
expects to have a Ginch line in 
production by the end of 2000. 
DiLorenzo says successful millenni- 
um businesses will be concentrat- 
ing on MMIC products (pHEMTs, 
HBTs) based on epi processes and 
will have an obsessive customer fo- 
cus. Lean manufacturing tech- 
niques, including high inventory 
turns in the order of 9-12 per year, 
will also be important, as will be 
the use of innovative microwave 
packaging techniques. 
Another expecting strong in- 
dustry growth, but expressing a 
note of caution on the direction of 
industry evolution is Drew Nelson 
of Epitaxial Products International 
(now part of International 
Quantum Epitaxy), based in 
Cardiff, UK. Nelson says as the mar- 
ket continues to evolve it is impor- 
tant that it does not expose itself 
to the same expansion pains that 
struck the Si industry with DRAM 
chips.The rush to enter this market 
quickly resulted in severe over-ca- 
pacity in the market in 1998, with 
prices falling by a factor of ten, 
even though sales volume had in- 
creased significantly. “Volume 
growth was not the problem, over- 
capacity within the industry was,” 
Nelson says. 
Nelson says the response to 
these difficulties in the Si Industry 
has been the deconstruction of the 
traditional vertically integrated 
chain and a dramatic growth ln 
foundry activity (see Figure 3). He 
says a variant of this idea, with the 
epitaxy foundry basically replacing 
the role of the wafer fab, should be 
the industry structure that the 
compound semiconductor indus- 
try pursued.. 
Nelson says potential benefits 
of using a foundry include greater 
flexibility, the avoidance of large 
capital expenditure, the develop- 
ment of a strategic second source, 
reduction of R&D and the ability to 
concentrate on fewer core compe- 
tencies. 
“In silicon, functionality is built 
in by sophisticated processing, 
while in compound semiconduc- 
tors functionality and performance 
is built in by epitaxy,” Nelson com- 
ments. “In future, outsourcing of 
epitaxy will be the most cost effec- 
tive means of improving business 
performance. 
Also expecting good growth 
prospects for merchant epiwafer 
vendors is Tom Hierl of Quantum 
Epitaxy Designs (Bethlehem, PA), 
now also part of International 
Quantum Epitaxy. Hierl estimates 
the total market for electronic 
GaAs wafers will expand from 
500 000 in 1998 to 1.1 million 
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F 7gure 3. The Si industry has seen the deconstruction of vertical/y integrated companies. (Source: EPI/ International Quantum Epitaxy). 
units in 2001, with epitaxy boost- 
ing its market share from 35% to 
65% of the total. Of this 550 000 
unit epiwafer market in 2001, he 
calculates molecular beam epitaxy 
(MBE) will account for approxi- 
mately 60%, metal organic chemi- 
cal vapour deposition (MOCVD) a 
further 35% and vapour phase epi- 
taxy the final S%.And of these 330 
000 MBE prepared epiwafers, he 
says merchant vendors will ac- 
count for 50% of production com- 
pared with a 40% market share at 
the present time. 
Materials 
Following Nichia Chemical’s dra- 
matic achievements with GaN- 
based lasers (see for example,“Blue 
LDs begin to find their commercial 
niches”, this issue), ZnSe systems 
have become somewhat the ‘for- 
gotten’ materials in the develop 
ment of blue emitters. Brian 
Fitzpatrick of Optical Semi- 
conductors (Peek&ill, NY), howev- 
er, says the competition is far from 
over. “Technology competitions 
don’t have a fixed finish line or a 
fured number of competitors,” he 
says. “Red LEDs are a good exam- 
ple. Originally, this was viewed as a 
race between GaAsP grown by 
Monsanto and Hewlett-Packard 
(HP) and GaP grown by LPE by Bell 
and General Electric. Yet, eventual- 
ly, GAsAs grown by HP by LPE or 
MOCVD prevailed.” 
Fitzpatrick believes ZnSe sys- 
tems still merit a concerted devel- 
opment effort for blue laser diodes 
oJ>s) as their wavelength range is 
different, lasing thresholds are like- 
ly to be lower and it is possible 
that the devices may be more man- 
ufacturable. In terms of the latter 
advantage, he points to the fact 
that at the time of the conference 
only Nichia had demonstrated a 
GaN-based blue laser diode with a 
continuous wave (CW) lifetime at 
room temperature of more than 1 
hour compared with 5 groups us- 
ing ZnSe. 
Fitzpatrick is also encouraged 
by Nichia’s use of a native sub 
strate for its commercial LDs, an 
approach he feels is essential for 
several reasons in addition to lat- 
tice matching.These include: elimi- 
nating substrate absorption; 
preservation of constant valence 
across the initial growth interface; 
recuction in the number of epitaxi- 
al layers and matching of thermal 
expansion coefficients. 
Germanium 
Ignace de Ruijter and Paul 
Mijlemans of Union Miniere (Olen, 
Belgium) outlined the growing suc- 
cess of germanium in the com- 
pound semiconductor industry. 
Germanium’s use as a substrate for 
solar cells now accounts for 35% of 
a total world market of $200 mil- 
lion, with around 15 000 wafers 
produced each week for this pur- 
pose. 
Union Mini&e says process im- 
provements have enabled it to re- 
duce its wafer price from $140 to 
$80 during the past five years. 
Now, having developed a consider- 
able market for space solar cells, 
the company is looking to extend 
germanium’s use as a substratate 
for both optoelectonics and elec- 
tronics applications, exploiting ad- 
vantages such as low cost and high 
mechanical strength (compared 
with GaAs). As part of this endeav- 
our, Union Mini&e has established 
a collaboration with EMCORE and 
is currently working on three prod- 
ucts: red, orange and yellow LEDs; 
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Hall sensors and p-HEMTs. Proto- 
types are expected to be available 
for testing later this year. 
SiGe threat 
The potential of SiGe to make in- 
roads into GaAs’s share of the mar- 
ket for RF circuits and mobile 
communications was hotly debat- 
ed in San Diego. Among SiGe’s 
proponents were Bent Hessen- 
Schmidt of SiGe Microsystems 
(Ottawa, Canada) and Jtirgen 
Arndt, of Temic Semiconductor 
(Heilbronn, Germany) who out- 
lined developments at their respec- 
tive companies. 
A more concilitary note was of- 
fered by Mayank Bulsara of 
AmberWave LLC (Windham, NH, 
USA) who says SiGe should not be 
seen simply as a rival to GaAS, but 
also as a means of integrating it 
with Si. In addition to their FET ca- 
pabilities, Bulsara says SiGe alloys 
provide a unique materials solu- 
tion for the integration of GaAs- 
based optoelectronic systems with 
Si microelectronics. 
buffer to expand the lattice con- 
AmberWave uses a graded SiGe 
stant of Si to that of GaAs (Figure 
nsec) have been demonstrated. 
4). At the bottom of the graded 
buffer, the composition is 100% Si 
and 0% Ge.As the buffer is grown 
vertically, the Ge content gradually 
increases, ultimately reaching 
100% at the top. This graded SiGe 
buffer gradually expands the lattice 
constant beyond that of Si as the 
Ge content increases, avoiding 
excessive strain and dislocation 
formation in the crystal structure. 
Since Ge has nearly the same lat- 
tice constant as GaAs, the final 
epitaxial layer of GaAs grown on 
top of the 100% Ge is closely lat- 
tice-matched thereby avoiding the 
further introduction of disloca- 
tions. The GaAs/Ge interface pre- 
sents inherent challenges, but 
Bulsara says AmberWave, in collab- 
oration with Massachusetts Institute 
of Technology (Boston, MA, USA) 
and Ohio State University (Colum- 
bus, OH, USA), has established an 
understanding and control of this 
interface for growth with both 
MBE and MOCVD. He says record 
quality G&+-on-Si, as measured by 
dislocation density (2 x 106 cmz) 
and minority carrier lifetime (7.7 
Gallium arsenide layer 
Silicon layer 
Si/Ge graded buffer 
Figure 4. AmberWave uses a graded SiGe buffer to expand the lattice constant of Si to that 
of GaAs. (Source: AmberWave LLC). 
Devices 
Professor Chich-Hsiang Lin of 
University of Houston (IX, USA) 
outlined efforts to develop im- 
proved mid-IR lasers, highly desir- 
able for a variety of applications 
including spectroscopy and envi- 
ronmental monitoring. 
The Houston group has demon- 
strated the long-pulse operation of 
both type II quantum well (QW) 
and interband cascade (IC) lasers. 
Besides the slightly lower optical 
osciallator strength and less ma- 
tured material technology, Lin says 
there is no intrinsic reason that 
these mid-IR lasers based on InAs/ 
Ga(In)Sb type-II QWs should per- 
form significantly worse than their 
InP-based near-IR counterparts. He 
expects further improvements in 
epitaxy materials and device de- 
sign will be sufficient to achieve 
CW operation at ambient or tem- 
peratures obtainable with thermal- 
electric coolers within a short time. 
Makoto Hirano of NIT 
Electronics (Atsugi-shi, Japan) out- 
lined the development of his com- 
pany’s ‘3D’ MMIC technology, 
developed over the past 10 years. 
The 3D MMICs consist of a multi- 
metal interconnection structure 
with a polyimide insulator on a 
semiconductor substrate. He says 
the technology solves many of the 
problems of conventional MMICs, 
particularly through the simplifica- 
tion of circuit design. NIT has 
launched a foundry service based 
on the technology 
Nisha Khan, now of Qtera Corp 
(Boca Raton, FL, USA), provided an 
update on work he had been in- 
volved with at Bell Labs to develop 
components for high speed pho- 
tonic circutis, key elements to 
advance fibre optic telecomm- 
unication systems. This work has 
seen the development of InP-based 
40 Gb.s’ optical modulators and 
>lO Gb.a’ optical switches for 
multiplexing and demultiplexing 
high speed digital data directly in 
the optical domain. 
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